The paper presents an overview of the progress in research regarding seismic response of plan and vertically irregular building structures. Three areas of research are surveyed. The first is the study of the effects of plan-irregularity by means of single-storey and multi-storey building models. The second area encompasses passive control as a strategy to mitigate torsional effects, by means of base isolation and other types of devices. Lastly, the third area concerns vertically irregular structures and setback buildings. Although fewer papers have been published in this last area with respect to the former ones, this state-of-theart reports extensively on research efforts and progress into the seismic behaviour of irregular buildings in elevation to show the growing interest among specialists in the field.
Introduction
Real structures are almost always irregular as perfect regularity is an idealization that very rarely occurs. Structural irregularities may vary dramatically in their nature and, in principle, are very difficult to define. Regarding buildings, for practical purposes, major seismic codes distinguish between irregularity in plan and in elevation, but it must be realized that quite often structural irregularity is the result of a combination of both types. The tendency to separate irregularity in plan and in elevation also characterizes the scientific literature and, therefore, this state-of-the-art review will follow such distinction.
Starting with plan irregularity, assessments of structural performance during past earthquakes demonstrates that this type of irregularity, which is due to asymmetric distributions of mass, stiffness and strength, is one of the most frequent sources of severe damage, since it results in floor rotations (torsional response) in addition to floor translations. In past years, large research efforts were devoted to the study of the seismic response of asymmetric structures and improving torsional provisions of seismic codes. A recent review of research development up to 2001 can be found in Rutenberg (2002) .
Most of the aforementioned studies were conducted using simple single-storey asymmetric models, which still remain very popular. However, published research on more realistic multistorey buildings is growing as well.
A large number of papers published in the last 3 years deal with passive control, which appears to be a suitable alternative to traditional design in order to mitigate torsional effects. Such studies have been devoted mainly to base isolation and viscous and visco-elastic damping devices, though friction dampers and other devices are also considered.
A relative paucity of experimental studies still characterizes the scenario of research activities in the field of irregular structures.
Concerning vertically irregular structures and setback buildings, following the relative lack of papers published in the years immediately prior to 2002, in recent years, investigations on seismic behavior of irregular buildings in elevation have intensified, thanks in part to the greater availability of efficient nonlinear dynamic 3D computer codes.
One storey plan-asymmetric building structures
In the past, effects of torsional coupling in asymmetric building structures were widely investigated by means of simple one-storey models. Such models were considered suitable to clarify the influence of key structural parameters and develop design measures applicable to some classes of multi-storey asymmetric buildings as well. In recent years, multi-storey building models have been used to study more realistically inelastic earthquake response of asymmetric buildings. Nevertheless, due to their complexity, such models are applicable to the study of few cases of real buildings. For this reason, single-storey models still attract many researchers, as they remain adequate to obtain general information on torsional behavior of asymmetric buildings, particularly from a qualitative point of view.
In recent years, papers on single-storey models have been focusing on the inelastic behavior of resisting elements, the effects of bi-directional excitation, and other aspects neglected in previous research. Investigations have also been conducted with reference to bi-asymmetric models, besides to the mono-symmetric ones used so far.
In particular, inelastic behavior is of great interest, since the ability of structures to withstand strong earthquakes depends upon their ductility and capacity for energy dissipation. In spite of extensive research efforts, the complexity of inelastic seismic response and the large number of parameters influencing the behavior of irregular buildings, as compared to their elastic counterparts, lead to a lack of general and universally accepted conclusions. Hence, several studies are still aimed at drawing some definitive conclusions.
Of particular interest are the two papers by Peruš and Fajfar (2002, 2005) , since they tackled an issue of a general nature, such as the effects of plastic excursions on torsional response in comparison with the corresponding elastic response.
To draw some general conclusions, the studies were conducted by means of single-storey models with bi-axial eccentricity without any code-design restrictions. The major findings of the parametric analysis, performed primarily on torsionally-stiff mass-eccentric systems (Fig. 1) , can be summarized as it follows: from a qualitative point of view, global torsional effects in inelastic structures are similar to the elastic ones (Fig. 2) , since differences between elastic and inelastic response are more pronounced in the translational part of motion, rather than in the rotational one. However, quantitatively, the change in response depends on the
